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Summary. The study examines the sustainable use and conservation of water resources in the
Ganja Physical-Geographical Region under increasing water demand and climate-related pressures.
The region possesses a diverse hydrographic network consisting of mountain rivers, lakes, reservoirs,
groundwater, and springs that support drinking-water supply, agriculture, industry, recreation, and
ecosystem functioning. Most rivers originate on the northeastern slope of the Lesser Caucasus and
belong to the Kura River basin; with the exception of Aghstafachay, they are generally less than 100
km long. The study shows that river flow is extensively used for irrigation and is regulated by reser-
voirs and hydraulic structures, while mountain lakes, particularly those within Goygol National Park,
constitute important freshwater and ecological resources. At the same time, seasonal water scarcity,
inefficient irrigation, pollution, and increasing demand create significant pressures on regional water
resources. Sustainable management therefore requires the wider application of water-saving irriga-
tion technologies, improved flow and water-quality monitoring, control of wastewater discharge,
protection of groundwater and river corridors, and conservation of water bodies within protected
areas. These measures are essential for maintaining the long-term ecological and socioeconomic
functions of the region’s water resources.
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Introduction

Sustainable use and conservation of water resources have become increasingly important under the grow-
ing impacts of climate change and rising water demand. This issue is particularly relevant for Azerbaijan,
where water resources are relatively limited and their efficient management is essential for maintaining water
supply, agricultural production, and ecological stability.

The Ganja Physical-Geographical Region encompasses the northeastern slope of the Lesser Caucasus and
its foothill plains and is characterized by a relatively dense hydrographic network. Its water resources consist
primarily of mountain rivers originating in the Murovdagh and Shahdagh ranges, together with groundwater,
springs, lakes, and reservoirs. Most rivers belong to the Kura River basin and flow as right tributaries of the
Kura. These resources play an important role in drinking-water supply, irrigation, industry, and the functioning
of regional ecosystems.

Accordingly, the study focuses on the spatial and hydrological characteristics of the region’s principal
water resources, their current patterns of use, major environmental pressures, and measures required for their
sustainable management and conservation.

Analysis and discussion

The rivers of the Ganja Physical-Geographical Region belong to the Kura River basin and are fed mainly
by snow, rainfall, and groundwater. Stable groundwater recharge plays an important role in the annual runoff
regime, while relief, geological structure, soil and vegetation cover, basin morphology, lake coverage, wetland
conditions, and glaciation influence runoff formation (Mammadov, 2012).
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The river network is unevenly distributed across the region and varies considerably with elevation. Drain-
age density generally increases toward mountainous areas and is particularly high in the middle-mountain
zone, where most rivers originate. However, this relationship is also controlled by precipitation and other local
physical-geographical conditions. Surface water and groundwater together determine the regional water-re-
source potential, while the relative contribution of individual alimentation sources is reflected in the hydrolog-
ical regime (Constructive Geography of the Republic of Azerbaijan, 1996-1999).

Rivers constitute the principal component of the region’s water resources. With several exceptions, in-
cluding Aghstafachay and Hasansuchay, most originate within the Azerbaijani part of the Lesser Caucasus and
are extensively used for irrigation, domestic water supply, and other economic purposes.

Hasansuchay originates in the Murguz Range of the Lesser Caucasus and is a transit river fed mainly by
snow and groundwater. Its lower reaches carry significant flow primarily during periods of heavy precipitation
because its water is extensively used for irrigation. Summer floods, particularly in June and July, coincide with
high agricultural water demand, emphasizing the need for efficient use while maintaining sufficient down-
stream flow (Museyibov, 1998).

Aghstafachay, another transit river, originates in the Pambak Range and is fed by groundwater, snowmelt,
and rainfall. Its flow is regulated by a reservoir and is extensively used for irrigation. The river generally
maintains a high-flow regime until the end of June, providing favorable conditions for seasonal water use.

Akhynchachay originates near the Bashkent Pass of the Kecheldagh Range. Its water resources are par-
ticularly important during summer, when heavy rainfall can increase discharge in July (Ayyubov & Hajiyev,
1984). A reservoir regulates its flow for irrigation. Its tributary Tovuzchay, originating in the Murguz Range,
is also a transit river and is regulated by the Khatinli Reservoir. More than four main canals withdraw water
for irrigation, while upstream water use reduces the flow entering Azerbaijan. The river is also exposed to
pollution associated with industrial activities within its basin.

Asrikchay, a right tributary of Akhynchachay, is formed by small spring-fed rivers originating in the
Shahdagh Range. Rainfall and groundwater constitute its principal sources of alimentation. The river has hy-
drorecreational importance and is also intensively used for irrigation through five main canals.

Zayamchay originates on the northern slope of the Shahdagh Range at the confluence of Shakarbaychay
and Chatindara rivers and drains parts of Shamkir, Tovuz, and Gadabay districts. It is fed by groundwater,
rainfall, and snowmelt and is characterized by a spring high-water regime. Its irrigation use is supported by
small hydraulic structures that regulate river discharge.

Shamkirchay is one of the region’s most important rivers. It originates on the northeastern slope of the
Shahdagh Range at the confluence of Sarisu and Aghdashsu rivers. Goygol, situated at an elevation of 2,470 m,
contributes to the Shamkirchay system through one of the Sarisu tributaries, and its regulated outflow provides
additional water during periods of intensive irrigation. Shamkirchay is also connected with Ganjachay by an
irrigation canal and has important irrigation, hydrorecreational, and ecological functions (Mammadov, 2012).

m Agriculture

® Drinking and domestic
water supply

Industry and other
technical needs

Fig. 1. Distribution of Shamkirchay River water use by sector (%).

Goshgarchay originates on the northern slope of Mount Goshgar in the Murovdagh Range and is formed
by the confluence of Khoshbulag and Hamamchay, the latter being supplied by permanent springs. Its upper
basin has a dense river network. Although its water is used in agriculture and industry, contamination by min-
ing waste restricts its effective use.
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The water resources of other rivers of the Ganja Physical-Geographical Region, including Ganjachay,
Goranchay and Incechay, are also used for irrigation. The Rasul and Khan channels have been constructed
from Ganjachay, supplying water for irrigation around Ganja. More than seven channels withdraw water from
Goranchay for irrigation of surrounding areas. The water of Incechay does not reach the Kura River because
it is fully utilized; more than five main canals withdraw water from the river. Analysis of the hydrological
characteristics and sustainable use of Aghsuchay and Kurekchay shows that several lakes were formed in the
Aghsuchay valley as a result of earthquakes. The largest of these lakes is Goy-Gol. Kurekchay is formed by
the confluence of three rivers—Ilkhidara, Omerchay and Banovshachay. Hydrologically, llkhidara is regarded
as the principal river. Kurekchay flows into the Kura River downstream of the Mingachevir Reservoir. Because
rural settlements are located along the river, its water is widely used for irrigation.

Fig. 2. Ganjachay River (Topalhasanli village).

A portion of the water resources of the Ganja Physical-Geographical Region is concentrated in lakes. As
noted above, landslide-dammed lakes were formed when the collapse of Mount Kapaz during an earthquake
blocked the course of Aghsuchay. The picturesque mountain lakes Goygol, Maralgol, Zeligol, Shamligol and
others are located within forest and subalpine meadow zones and constitute freshwater sources. The lakes are
distinguished by their transparency, with visibility reaching depths of approximately 13 m. Because Goygol
has an outlet, its water is used as a source of freshwater.

In the vicinity of Mount Kapaz in the Ganja Physical-Geographical Region, in addition to Goygol, there
are Maralgol, Zeligol, Ordekgol, Shamligol, Aynagol, Garagol, Jeyrangol, Ayigol, Chiligol and Qushgol. All
of these lakes are freshwater bodies. They have exceptional economic importance within the ecological-recre-
ational system and water-resource balance of the physical-geographical region. The lakes are used sustainably
for various purposes and constitute the area’s greatest tourism and recreation potential. These lakes are located
within Goygol National Park. Their therapeutic and recreational significance is considerable. Because the lakes
are situated in mountain-forest and subalpine meadow zones, the area is characterized by clean, oxygen-rich
air and a cool microclimate. Mountain lakes are sources of clean, high-quality freshwater and also play a major
role in river alimentation (N. N. Hajiyeva, Economic-Geographical Assessment of the Natural Conditions and
Resources of Azerbaijan, Ganja, 2025, p. 178, Star Printing House).

The Ayigol, Chiligol and Qushgol (Ordekgol) lakes were formed when landslides caused by the Ganja
earthquake blocked river valleys. Ayigol is a small freshwater lake located at the intersection of dense moun-
tain forests and meadow zones. According to the results of the studies, the lake was named in connection with
the presence of mountain fauna, particularly Caucasian brown bears, which found shelter in the surrounding
forests and came to the area to drink water. Chiligol, located in Goygol National Park, is one of the small lakes.
Its water is shallow and relatively marshy. It is called Chiligol because dense aquatic vegetation, including
reeds and other wetland plants, grows both on its surface and underwater.
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Fig. 3. Goygol Lake.

Among the small lakes in the Goygol and Maralgol basins, Qushgol (Duck Lake) was formed as a result
of an earthquake. It received this name because various species of mountain and aquatic birds, particularly
ducks, are abundant around and on the water.

All three lakes are fed mainly by snow, rainfall and springs. Their water is cold and transparent. They are
located within Goygol National Park and are of considerable importance as water resources.

It should be noted that rivers originating from the lakes or enriched by their outflow play a major role in
supplying settlements in the Ganja—Goygol area with drinking water. Lakes are highly important for regulating
groundwater in the Ganja Physical-Geographical Region. They contribute to maintaining a continuous supply
of water to springs and groundwater in surrounding areas. The hydrographic network formed by these lakes is
vital for agriculture in foothill and lowland areas. During the summer irrigation season, lake water resources
are intensively utilized. Water from rivers flowing out of the lakes is used to irrigate cultivated lands in Ganja,
Dashkasan and Goygol districts.

The Shamkir Reservoir, which concentrates a portion of the water resources of the Ganja Physical-Geo-
graphical Region, receives the inflow of up to seven small rivers and contains up to four small lakes within its
basin. Since 1956, the lake has functioned as an artificial water body and has been used to regulate the flow of
Shamkirchay. It is an outflowing freshwater body.

The lakes located in the Ganja Physical-Geographical Region regulate air humidity within the mountain-
forest ecosystem, moderate the microenvironment and function as natural reservoirs that help prevent soil
erosion. Since the lakes mentioned above are included within specially protected natural areas, their economic
use is primarily carried out within the framework of protected ecotourism, scientific research and sustainable
water supply.

As shown in Table 1, water resources are used most extensively for domestic purposes, agriculture and
industrial activities.

Over the past century, significant changes have been observed in various components of natural condi-
tions. Excessive exploitation of natural resources, particularly water resources, as well as inefficient use of
these resources, has contributed to the emergence of various problems. The conservation of water resources is
therefore extremely important under present conditions and constitutes a foundation of environmental policy
(Sh. Goychayli and Telman Ismayilov, Economic and Environmental Foundations of Nature Management,
MBM, 2009).

The Ganja Physical-Geographical Region is among the areas with a relatively high population density.
Adequate water supply and good water quality are highly important for human health and agricultural devel-
opment. Excessive use of water resources can lead to water losses in some locations, particularly in depressed
areas of the relief. Sanitary protection zones should therefore be established around water sources to conserve
water and improve its environmental quality.
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Table 1

Sustainable use and conservation of the water resources of Ganjachay and Goshgarchay

Water resource / problem

Area of use

Main threat

Sustainable use and
conservation measure

Ganjachay Irrigation, domestic and Pollution, seasonal de- Wastewater treatment, water
economic use cline in water availability | conservation, and establishment
of riparian protection zones
Goshgarchay Water management and Seasonal decline in water | Flow monitoring and control of
ecosystem availability and pollution | wastewater discharge
Groundwater Drinking water and do- Over-abstraction and Setting limits on water abstrac-

mestic use

pollution

tion and conducting regular hy-
drogeological monitoring

Irrigation water

Agriculture

Water wastage and losses

Application of drip and sprin-
Kler irrigation systems

River ecosystems

Biodiversity and ecologi-
cal balance

Domestic and industrial
waste

Prevention of waste discharge
into rivers and strengthening
environmental control

Overall water-resource
management

Population and economic
activity

Increasing aridity and
water scarcity

Calculation of the water bal-
ance, water reuse, and public

awareness

Constant attention should be paid to the maintenance and repair of the small water-regulating reservoirs
constructed within the physical-geographical region. Otherwise, prolonged use may lead to water leakage from
reservoirs. Population growth and increasing water demand are observed every year. Although water has tra-
ditionally been regarded as a renewable resource, there is a growing concern regarding the depletion of drink-
ing-water resources. Water resources play an indispensable role in regulating the natural conditions and eco-
logical processes of the physical-geographical region. Their most important ecological function is their partic-
ipation in photosynthesis. Due to its multifunctional properties, water contributes to the formation of natural
conditions and is regarded as an indispensable natural resource for meeting human needs.

Conclusion

The water resources of the Ganja Physical-Geographical Region are of major importance in terms of the
area’s natural conditions, the domestic needs of the population and agricultural development.

» The principal objective of sustainable water-resource use is to ensure that the quality and quantity of
existing water resources are preserved for future generations while they are being utilized.

* In agriculture, it is necessary to reduce water losses, particularly losses in irrigation systems and canals,
and to widely apply water-saving technologies.

* Pollution of Ganjachay and other water bodies in the Ganja Physical-Geographical Region should be
prevented, particularly by preventing the discharge of domestic and industrial waste into rivers.

* Protective zones should be established along riverbanks, and regular environmental monitoring should
be conducted.

* Particular attention should be paid to the protection of groundwater in the region. Excessive groundwater
abstraction reduces reserves, while pollution creates problems for drinking-water supply.

* Among the water resources of the Ganja Physical-Geographical Region, Shamkirchay, Tovuzchay and
Asrikchay are of particular importance and occupy an important position in the water-resource system. Water
quality should be monitored to ensure the sustainable use of these rivers.
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PAITMOHAJILHOE HCITOJIb3OBAHUE 1 OXPAHA BOJTHBIX PECYPCOB
I''SHIDKMHCKOI'O ®U3UKO-TEOT'PA®UYECKOI'O PAUOHA
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Pe3rome. B riccenoBaHNM paccMaTPUBAIOTCSI BOIPOCH! YCTOMIMBOTO HCHONB30BAHMS X OXPaHbI BOJHBIX PeCypcoB I STHIDKHHCKOTO
¢m3uKo-Teorpaduueckoro paifioHa B yCIOBHAX BO3pacTalolieil MOTPeOHOCTH B BOJE U YCHIICHHS BO3AEHCTBHS (hPaKTOPOB, CBSI3aHHBIX
¢ U3MEHeHueM Kiumata. Paiion XxapakTepusyercs pa3HooOpa3HOH ruaporpadMIecKoi ceThro, BKII0YAIOLIei TopHbIe peKH, 03Epa, BO-
JOXPaHWJINILA, TIOJ3EMHBIE BOJBI U POJAHHUKH, KOTOPHIE HI'PAIOT BaYKHYIO POJIb B 00ECIIEUSHNH MUTHEBOTO BOJAOCHA0KEHUSI, CEIIECKOTO
XO03s5CTBa, IPOMBIIUICHHOCTH, PEKPEAIIOHHOI IeSITeIbHOCTH U (PyHKIIHOHUPOBAHHUS IKOCHCTEM. BoJIBIIMHCTBO pek OepET Havaso Ha
CeBepO-BOCTOUHOM ckJIoHe Manoro KaBkasa u oTHocuTCs K Oacceliny pekn Kypsl. 3a uckiitoueHneM Arcragadvasi, UX IpOTsDKEHHOCTB,
Kak TpaBuiIo, coctaBisieT MeHee 100 kM. Pe3ynbTars! HCcIem0BaHUS MOKa3bIBAIOT, YTO PEUYHOM CTOK IIUPOKO UCIIONB3YETCS AT OpO-
HIEHHSI M PETYINPYeTCs MOCPEICTBOM BOJOXPAHIIIMIN M THAPOTEXHUIECKHX COOpYkeHnil. Bmecte ¢ TeM ropHsle 03épa, 0COOEHHO
PpAacroioXeHHBIE Ha TeppUTOpUH [ €MrénbCcKOro HaMOHAIBHOTO MapKa, MPEICTaBIAI0T co00H BaKHBIE PECypCHl MPECHOI BOIBI U
HMEIOT 3HAYHUTETbHYIO YKOJIIOTHIECKYIO IIEHHOCTh. OTHOBPEMEHHO CE€30HHBIH JeduuT Boabl, Hed(pGEeKTHBHOE HCIOIB30BAaHUE BO-
HBIX PECYPCOB B OPOCUTEIBHBIX CHCTEMaX, 3arpA3HEHHE U pacTyLIUH CIpOC Ha BOAY CO3JAl0T CYLIECTBCHHYIO HAarpy3Ky Ha BOJHBIC
pecypchl peruoHa. B cBsi3u ¢ 3TUM ycTOHYMBOE yHpaBIeHHE BOAHBIMU pecypcaMu TpedyeT Gosee MUPOKOro BHEAPEHHs BopocOepe-
raloIIMX TEXHOJIOTHH OPOLIEHHs, COBEPIICHCTBOBAHHS MOHUTOPHUHIA PEYHOTO CTOKA M Ka4eCTBa BOABI, YCHICHHS KOHTPOJIS 3a cOpo-
COM CTOYHBIX BOJ], OXPaHbI IIO/I3¢MHBIX BOJ U IIPUPEUHBIX TEPPUTOPHH, a TaKKe COXPAHEHUs BOAHBIX OOBEKTOB B Ipesenax 0cobo
OXpaHsAEeMbIX IPUPOAHBIX TeppHTOpHUil. Peann3anns ykazaHHBIX Mep UMeET BaKHOE 3HAUEHHE /I JOJTOCPOYHOTO COXPAHEHUS 3KO-
JIOTHYECKHX U COIHAITBLHO-3KOHOMHIECKHUX (DYHKIMIT BOJHBIX PECYPCOB HCCIEAYEMOT0 paioHa.

Knroueswvie cnosa: I'anoowcunckuil pusuxo-eeoepaguyeckuil patioH, 800Hbvle pecypcul, peku, 03épd, 000XPAHUIUYA, NOO3EMHbLE
60001, yCmouuugoe ynpagienue 600HbIMU pecypcamu
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Xiilasa. Todgigatda suya telobatin artmasi vo iglim doayismolari ilo slagedar tozyiglorin giiclonmasi soraitinds Gonca fiziki-cografi
rayonunun su ehtiyatlarindan davamli istifads vo onlarin mithafizasi mosalolori aragdirilmigdir. Rayon igmoli su tachizati, kend tasor-
riifati, sonaye, rekreasiya vo ekosistemlorin foaliyyati tigiin mithiim shomiyyst dasiyan dag caylari, gollar, su anbarlari, yeralti sular vo
bulaglardan ibarot zongin vo miixtalif hidrografik sobokays malikdir. Caylarin oksariyyati Kicik Qafqazin simal-sorq yamacindan
baslanir vo Kiir ¢ay1 hovzesino aiddir. Agstafacay istisna olmagla, onlarin uzunlugu asason 100 km-don azdir. Todgigat gostorir ki, cay
sularindan suvarma mogsadilo genis istifado olunur vo onlarin aximi su anbarlar1 vo hidrotexniki qurgular vasitesilo tanzimlonir.
Bununla yanagi, dag gollari, xtisusile Goygol Milli Parkinin arazisinds yerlogon géllor miihiim sirin su manbaslari va ekoloji ehtiyatlar
hesab olunur. Eyni zamanda, movsiimi su ¢atismazligi, suvarma sistemlorinds sudan somorasiz istifads, ¢irklonma va suya talobatin
artmasi regionun su ehtiyatlarina ciddi tozyiq gostorir. Buna gors do su ehtiyatlarinin davamli idars olunmasi suya gonast edan suvarma
texnologiyalarinin daha genis totbiqini, ¢cay aximi va suyun keyfiyysti tizro monitoringin tokmillogdirilmasini, tullanti sularinin
axidilmasina nazarstin giiclondirilmasini, yeralti sularin vo gayboyu orazilorin mithafizasini, elacs do xiisusi miihafizo olunan tebiot
arazilorinds yerlogon su obyektlorinin qorunmasini tolob edir. Bu todbirlorin hayata kegirilmasi rayonun su ehtiyatlarinin ekoloji vo
sosial-igtisadi funksiyalarinin uzunmiiddatli qorunub saxlanilmasi baximindan miihiim shomiyyat kasb edir.

Acar sézlar: Gonco fiziki-cografi rayonu, su ehtiyatlari, ¢aylar, gollor, su anbarlari, yeralti sular, su ehtiyatlarimmn dayanigl idara
edilmasi
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